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ABSTRACT 

This document presents a'aodified cohpr-t survival 
aodel which can be of use in making enrollaent projections. The aodel ^ 
begins'^by analytically profiling an area*s residents. Esjch perso'n^s 
demographic characteristics — sex, age, place of reSid,ence — are 
recorded in the computer memory. Four major input variables are then 
incorporated into the model: (1) death rate — deaths a;ce projected for 
males and feaales as a function of the number of people' for each age; 
(2) birth rate — three equations are offered, with the most popular 
projecting the number of births by using the fertility rates of women 
by age; (3) net migration. — total subarea net migration (the number of 
people moving in minus the number of people moving out of a given 
area) is assigned by. age and sex; (4) land use-»-desi^nations are 
base.d on zoning. Cate^ries employed in this model are: * special, 
agricultural, industrial, commercial, 're§id€(ntial (low, medium, and 
high density), and unzoned.«* Zoning is specified for the beginning ^ 
yedr, and the tiser has the option of incorporating anticipafted zoning 
changes into the model. Mathematical' and computer ^)rocedures used in 
this model include regression analysis and the two-point logistic 
curve. A hypothetical application of the model is presented, and 
practice problems are proposed^ Sample printouts are appended. 
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PREFACE • ' 

This report contains assorted material abstracted from presenta- 
tlons to, the AASA-NASE Conference on Declining Enrollments. Dr. Harold 
L. Finch Is Interim Chief Administrative Officer and Vice President of 
Johnson^Coiiixty Community College; Dr. Elaine L. Tatham Is Director of 
Institutional Research of the /college. Dr. Finch made the presentations 
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I.' THE- EDUCATIONAL NEED FOR DEMOGRAPHlb PUNNING 

As the products of the postwar baby boom reached their late teens In 
the 1960*8, it was Inevitable that high school enrollments would Increase at 
tinprecedented rates. Likewise, the baby bust which followed the boom^was 
destined to have an e<^ally dramatic — but opposite — affect In the 1970 's. 
The Impact Is already being felt* For those Institutions that are unprepared 
and do not begin to prepare, the worst may yet^ lie ahead* For the prepared, 
the next several years will prbsent unprecedented challenges~*^opportunltles 
for aelf-renewal and revltallzatlon that will put th^m in good stead to sur- 
vlve the 70 's and to resume vigorous g4^owth in nuoabers and efficiency in the 
80's and on into the twenty-first century. 

Some Important lessons can be learned from school districts that have 
been hard hit by declining enrollments. In examining a number of these cases, 
there seems to be a common pattern of events and circumstances the precede 
enrollmept crises : 

• Failuxfi to'Recognize the Problem. Enrollment forecasts are con- 
sistently high. Projections tend to perpetuate the heyday trends of the las- 
decade and do not properly take into account key demographic factors. Missed 
forecasts are explained away as one-time \^2iakQs. Having diagnosed the problem 
incorrectly, staffing and budgeting plans for the next year then tend to be 
projected on the basis that enrollments and revenues will be "back to normal." 

o Too Little Too Late. The seriousness of the prc/blem is recognized 
tdo late. ,The dynamics of the situation are very much like that of quicksand-- 
once an institution is entrapped, corrective efforts tend to add to the problem. 
For example, at the college level a vicious spiral may develbp: decreasing 



enrollments bring about reduced revenues; declining Income results In cutbacks 
In programs, staff recruitment, and promotion; econotny measures cause the Instl- 
tutlon to be less attractive to students, which In turn results In additional 
enrollment reductions. 

^ From this pattern It might be concluded that If an Institution Is"* to re- 
main healthy during the 1970 's It Is essential that effective methods of enroll- 
ment ' analysis and planning be developed—and that this be accomplished and 
operational before the Institution becomes entrapped in the downward spiral. 

II. A CASE STUDY IN DEMOGRAPHIC ANALYSIS AND PLANNING 

The postsecondary enrollment dilemma and a positive approach to dealing 

with the problem can bte illustrated by examining the situation in suburban 

Kansas City (Johnson County, Kansas) where school districts are making a con- 

r 

certed effort to generate realistic enrollment forecasts and to formulate 
practical long-range planning strategies. The enrollment trends, the causes 
and the associated, problems and solutions for Johnson County are different only 
in degree from those of any other part of the country. Therefore, the approach 
described herein and the results reported may be useful to other districts 
which also need plans of action — not reaction — in order to remain, or to become, 
dynamic, thriving institutions at a time when jnany are struggling. 

During the last decade educational enrollments in Johnson County* like the 
restxpf the country, rose at an unprecedented rate. However, in the 1960'q a 
downward trend began to develop and is currently intensifying. Birth rates 
were known to be the single most important contributing factor to this decline/ 
Analysis indicates that the genesis of the problem was , not low fertility 
rates in the 50' s and 60 's, but rather the low birth rates which followed the 
depression and preceeded World War II. This phenomenon, which is not atypical 
to the rest of the United States, Canada and Europe, is illtiatfated in Figure 1 



below. Although the schematic oversimplifies the complex {lynamlcs of ^ ^ 
demography, the following conclusions apply to many high schools and colleges 
throughout the country: 

* The current decline In numb et of high school and college age ^ 
students will Intensify and reach a peak In the late 70 's. 

• The coming oF this decline was predictable In the« late SO's — ^ ' 
some 40 years In advance. fp 

Approach; Analytical Modeling s 

Johnson County Community College (JCCC) Initiated the development of a 

long-range population planning capability In 1971. The project was Jointly 

funded by the college and the Shawnee Mission K-12 public school district. 

The first step was the creation of a comprehensive data base for Johnson 

County. It Included such Information as births and deaths, population dls- 

trlbutlon by age and sex, census tract boundaries, housing units, land use 

zoning ^nd school attendance r,at;es. The accomplishment of this task provided 

a number of Insights Into the population profile and past trends. As Important 

as these data were, however, they did not by themselves provide an Integrated 

picture of the Interrelationships thatf exist between and among pertinent 
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Flgru/e i. Population trends of a dovoloped subdivision of Johnson County Kansas 
arc representative of much of the nation. (A) Birth rates reached^ an all-tlme 
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plaimlttg variables, nor did they provide a means of assessing altexnaatlves • 
To counter this deficiency, the college's research and planning staff develop*- 
ed a computerized planning model designed to translate the demographic data 
Into a form amenable to decision-making. 

Output, from the demographic bociel consists of population projections of 
males and females by age group for each neighborhood or location In the county* 
Depending on directions specified by the user^ a 30«*ye€ir forecast for one geo- 
graphic area within the county yields up to 6,000 Individual projections. A 
count^L forecast for all areas* may have as many as 200 » 000 Individual projections. 

One of the model's most useful features Is Its ability to provide for para- 
metric analysis. Many parameters pertinent to enrollment analysis and planning 
are aflected by socioeconomic^ ^ ."^ political conditions that cannot be known in 

advance. For example, fertility ic^te is a function of such factors as inter- 
im 

national relations, the state of the economy, abortion legislation and world- 



r 



wide food shortages. Because the user can only speculate as to future fertility^ 
rates and becaiise of the Importance of this factor in demographic planning, the 



.model makes it possible to analyze a range or series of possible values of this 
variable. Likewise there is provision for the systematic analysis of the popu- 
lation Impact of all other slgnlfiCMnt^parameters . Parametric studies of this 
type are sometimes referred to as "what ±f^ analyses. 
Simulation Process 

^ In making a series of projections, the model begins by analytically profil- 
ing the county's quarter million residents. Each person's demographic character- 
istics — sex, age, place of residence — are recorded in the computer memory.^ The 
predicted lives of these persons are then simulated forrthe coming year. In 
each neighborhood and age group » spme will die. Deaths are analytically simu- 
lated using actuarial rates as the "basis for forecasting. Others are allowed 
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to give blrth» tdcing Into accounjt prevalent fertility ^rates as they apply 

/ 

4 

to the age of each of' the potential mothers of Johnson County* Other residents 

will move out of the county and aome will move to other nelghbbrhoods within 

the county • Some will m6ve Into Johnson County neighborhoods from outside the 

county. ^BTeae actlon^are slmul^ed by employing current trends In migration 

propensity factors for each age group and neighborhood* Some areas within the 

county are allowed to grow to accodnao^ate utilization of undeveloped land* 

Tracts which are zoned for park or Industrial development are not allowed to 

4 

accept In-mlgratlon* 

The model uses an enhancement of cohbrt analysis* A "cohort" Is defined 
as a group o*f people with a common characteristic* For example » women bom In 
1950 who live In Johnson County would be a cohorjt* People can leave this group 
only through deatH or through out-mlgra^oa from Johnson County* For those 
born outside Johnson County In 1950, they can enter this group only^ through 
In-mlgratlon to Johnson County* This particular cohort^ of people can be traced 
tifroughout their entire life If death rates and net migration >y age and sex 
are known* * * ^ . ' 

The ai[i&lytlcal simulation process Is fundamentally straight forwatd* Re- 
ferrlng to Figure 2, ne3clt page, assume that 375 women, ^4* years of age In 1974 
currently live In a specified nelghborho6d In Johnson County* Ali^ assume that 
It Is known that the following events will take place In the coming year: 15 
^111 move out of the neighborhood, 32 will move In, 1 will die, and 38 will give 
birth* By simple arithmetic It can be predicted that one year latent, the num- 
ber of women, now 25 years of age, living In the neighborhood will be 391. The 
portion of the analysis that Is not straight forward — the method of estimating 
the number of blrthsi deaths and migrations— Is accomplished thr6ugh the genera- 
tlon and use of empirically derived mathematical algorithms. ^ 
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The simulation process Is continued one year at a time by allowing each 
mge group- to become one year older. The procedure Is continued for as many 
years aa the tiser specl*£les. 

♦ 

' "What If" Variables 

To enable the user to conduct parametric analysis, four major Input varl- 
ables are Incorporated Into the mo^el: death ratei blirth rate, net mlgratloh 
and land tise.^^ 

Peath Rates. Deaths are pro(3ected separately for ^ales (&nd females as 

a function of the numbex;^of people fpr ^aoh age. The user has two "what If" 

' options. Using the term "nominal" rates tct refer to the death rate equations' 

of the model, the percentage of the "nominal" rate to be used In generating 

the forecast Is specified for the beginning year and ending year of the pro- 

♦ 

V 

Jectloiis. While the Initial yeat multiplier would be 100 percent If the death 
equations are current, the Initial year multiplier permits the use of 'an equa- 
tion developed within the last few years. The ending year multiplier allows 
thq user to examine the effect of declining or Increasing death rates on the 
growth ^of the population; ^ 

\ 
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Figure 2. Sample calculation. Birth, doath and 
^migration data are obtained via empirically dep- 
rived algorithms. [ 
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Birth RMt€3. Three optlbna are available for ptojectlng birth rat 
The option typically used la the equation which pjrbjectc/ the number of births 



ualng the fertility rates by age of women. The second option uses the crude 
birth rate, ^e third option uses a polynomial equaj^dit^ijrhlch can be modified 
by the user to provide various forecast relatij^lilps • 

In addition to selecting one of the^ 'tfhiree birth rate equations, the user 
has two additional "what If" op tlon^i^i; Using the term "nominal" ratt to refer 
to the birth rates of the selactMd equation, the percentage of the "nominal" 
rate to be used In generating the forecast Is specified for the beginning year 
and ending year of the projections. ^ While the Initial year multiplier would ' 
be iOO percent If the selected equation la current, the Initial y^ar multiplier 

la a means to use an equation developed within the last fet)r years. The ending 

\ ^ ' ^ 

year multiplier permits the user to examine the effect of a declining or In- 

it 

creaalng birth rate upon the population projections » The multipliers for the 
» 

Intervening years are found by fitting a straight line through the two points 
detfermlned by the Initial year and multiplier together with the ending yea]: 
and multiplier. 

/let Migration. The u^er specifies the county net migration (number of 

> 

people moving Into minus number of 'people moving out) for the bcglnjdng year 
and ending year. Given the "what 1£" county net migration for a Cpeclfled 
year, each geographic subdivision of the county (referred to as a subarea) 
receives a percer^tage o£ the county yearly net migration. Subarcas are asQlgned 
a negative percentage If the net migrations can be expected to be negative. 
Total subarea net migration' Is assigned by age'^and sex. This age and Qex dis- 
tribution Is accomplished by ^combining subareas* of Johnson County Into five 
groups on tjtie bajils of net migration for the preceding ten years. Wlt^ net 



migration plotted as a^Jtimctlon of time bhese five groups represent five otageo 
In tHfe developmf)(it"-tJf land and are designat^Jd "A" through "E" on the typical 



population S-curve below. 



Net Migration 




Time 



These five stagea may be described as follows: ' 

.Agricultural - undeveloped In terms of potential population 
capacity. During this stage there Is a net out-mlgratlon * 
typical of most rural areas today, p . ' 

B. Initial 'transition from ]rural to urban/ suburban accompanied by 
a shift from out-mlgratlon to In-mlgratlon. 

.•^ 

C. Maximum rate of development;. During this stage In-mlgratlon 
^ * greatly exceeds out-mlgratlon* ^ 

D. Reduced rate of growth. As the area approaches maturity the 
rate of net In-mlgration begins to decline. 

' E. Maximum development. The available land lo' essentially fully 

utilized. During this stajje, there Is a gradual shift from In- 
mlgratlon to out-mlgratlon< 

Land Use. Lapd use designations are b£\oed on zoning. Categories employed 
by the model are special, agriculture, Industrial, commercial, low density resi- 
dential, medium density residential, high density* residential and^unzoned; The- 



zoning Is specified for the beginning year.* The lioer hera the option of^ Incor-^ . 
poratlng anticipated zoning changes Into the model. This Informa'tlon can be ob- 
talncd irom^ city or county zoning boards, regional councils, title insurance 
companies, etc. Each* subarea Is divided Into smaller subunlts. Depending upon 
the population density of the subarea, these smaller oubunlto are sections (approx- 
imately one square mile), k sectlono (approximately k oquare ml^le) or kk sections 
(approximately 1/16 square mile). For each of ^eoe oubunlto, zoning lo specified. 
The portion of the oubunit which lleo wltl^^ tjhe boundarleo of the subarea Is 



recorded as' a fraction. The capacity (maximum number of people who could ultl- 
niately »re.stde In the ^ubunlt on the bdslsf of current zoning) Is calculated and 
Incorporated Into the population projections. ; ' ^ 

Modified Cohort Analysis ' , ^ ^ 

Thfe model has two major differences from the typical dohort survival 
model. Cohort analysis for a population living within a fixed geographic area 
does not directly consider the population affects of zoning or noil-constant 
rates of migration. For example,- suppose a sub&rea of the coUnty.has a .1970 
population of 20,000. The typical cohort analysis might project a population 
of 30,000 In 1980 and a population of 60,000 In 2000. Howeverj If the land Is 
primarily zoned for low density residential, a maximum realistic population - 
might be 50,000. .The basic problem Is related to estimates of net migration. 
To alleviate the problem and prevent a geographic area from exceeding Its 
capacity, a two-point logistic ^urve (see Section III) Is used to develop sfl- 
area net migration percentage's for the ending year. The logistic curve Is also 
used to distribute the population of each subarea to smaller geographic units 
such as sections. 

In summary » the model can be described In general terms as being a 
modl^j^d cohort survival modi^l. Regression analysis Itf used to develop equa- 
^ tlons for birth rates and death rates. The two-point logistic curve Is used 
to develop net migration subarea percentages ^nd for distributing the population 
of each subarea to smaller units such as sections. ^ 
Output 

A computer printout mock-up Is shown In Appendix A. For each Identified 
subarea, the user specif ieiP^ the year Increment for printout. For example, data 
can be printed for each y ea|^ ^^iBvery three years, every five years, or In gen- 
eral every n yeara where, n Is an integer. If the starting year Is 1973 and n 
Is four, printouts will be for 1977, 1981, etc. The user also specifies the 

lo 

-9- 

■ . . J ■ ' 



age Iticrement for printout. If the selected Increment Is five, the printout 
will give the forecast for ages 5-9, 10-14, etc. 

For eacb year of printout » the population Is presented using the follow- 
ing age code. When the printout Is by five-year age groups, the "age 5" de- 
notes children less than five years old, while "age 10" denotes children five 
through nine, and "15" denotes children age ten thirough fourteen. When the 
printout Is by. one-year ages, the "age 1" denoted births , while "age 2" de- 
notes children age one, "age 3" denotes children ^ge two, etc. The printed 
ages are, therefore, used as upper limits to the actual age Interval. Corre--> 



sponding migration and death output are applicable to the preceding year. 

In 'addition, for each year of printout, poptilatlqp may be optionally 
presented by ^ section (or other subunit) for the following ^e gi^oups: 

• Under five v 

• Five through eight 

• Nine through eleven 
Twelve through fourteen 

• Fifteen through seventeen 

• Eighteen and nineteen 

• Twenty through twenty-four 

• Twenty-five through forty* 

• Forty-one through fifty-nine 

• Sixty and. over - 

; The population for these hh sections (sixteen hk sections -one section) should 

be considered in aggregation with surrounding sections. This aggregation is 
especially Important in areas which currently are sparsely populated or where 
zoning changes seem likely. These kh section populations should be used indivi- 
dually only as guides showing future population trends. ' 

The approximate 1960 and 1973 populations are shown in the mock-up printout 

♦ 

on page 12 for each hh section along with their capacities. The relationships 
of the 1973 population to the capacity is presented as a decimal "FC" (1973 popu- 
lation/cap^lty) « Projections by hh section continue to present the relation- 
ships of projected population to capacity as a decimal under the heading "Pop. /Cap." 

-10- 
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The hh sections are coded as follows: ^ 

• The first and second digits ref6r to the township* 

• The third and fourth digits refer to the range , 

• The fifth and sixth digits refer to the section 

• The seventh digit Is th6 h section (beginning In the upper right hand 
quadrant with the number 1 and moving counter clockwise to the upper 
left hand quadrant denoted 2, the lower left quadrants denoted 3 and 

Ttower right quadrant denoted 4) ; 

• The eighth digit is the hh section (designated by the same 
procedure used for H sections) . 

Por example, the digits 12252123 designate township 12, range 25, section 21, 

upper left hand quadrant, lower left Vsj section. This hk section is shaded in 

the sample section 21 below. 







] — 











*The mock-up sanq>le on the following page has a 0 as the eighth digit since the 
level of detail is only h section. The program as applied to Johnson County 
analyzed three major sets of assumptions. They are summarized below: 



• Low Growth Assumption. For net mlgpratlon of 1200 per year, the 
printout is by five-year age increments for males and females for 
1978, 1983, 1988, 1993 and 1998. The fertility rates by age of 
women were permitted to decline so \that by the year 2001 they will 
be 80 percent of the 1973 fertility rates. 

• Nominal Growth Assumption. For net migration of 3000 per year, the 
printout is by ohe-year age increments for males and females ^r 
1974-1984. Fei^ility rates by age of women were assumed to continue 
at the current rates. 

• High Growth Assumption. For net migration of 5000 per year, the 
printout is by five-year age increments for males and females for 
1978, 1984, 1988, 1993 and 1998. Fertility rates were assumed to 
gradually increase to the 1970 fertility rates. 
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Hypothetical Illustration ^ ^ 

A£{s\ime a fictitious county called Pirate County had a 1970 population of 
SOOyOOO* The age ^nd\ex distribution Is known for X970* Equations have been 
developed for estimating births,, deaths and net migration. The number of two 
year old males In 1971 Is obtained by adding the number of one year old males 
In 1971 to the .estimated net number of one year old males who moved Into the 
county during 1971 and subtracting the estimated number of one y^ar old male 
deaths for 1971* The procedure Is similar for all ages and each year* The 
sample printouts In Appendix A Illustrate the Impact of some alternative user 
assumptions for population growth In Pirate County. 
Illustration of Results 

The county can be characterized as a growing community with a positive 
net migration and wlth^the number of births approximately three times the 
number of deaths. The table below summarizes the population projections for 
th^ year 1985 and the year 2000 under each of eight user alternative assump- 
tions. The graph 6n the following page characterizes net migration by age 
group and sex. The printouts in Appendix A present the sample assumptions 
together with the corresponding projections for 1985 and 2000. 

PIRATE COUNTY POPULATION PROJECTIONS 
1970^ Population was 300,000 
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User Alternative Assumptions 


1985 Population 


2000 Population 


Zero Net Migra^qi? 


363,616 


414,249 


Low Birth Rate a|i(i Mlgratlori 


376,851 

* 


433,345 


Low Net Migration 


381,678 


454,718 


Low jirth Rate 


412,561 


511,139 


Nominal 


417,800 


535,655 


High Birth Rate 


423,040 


560,399 


High Net Migration 


453,924 


616,594 


High Birth Rate and Net Migration 


459,576 


644,495 


IV 
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-0.00/8 


-0.0008 




0.0310 


0.0343 




0.0286 


0.0233 




□•0026 


0.0069 




U. U04J 


0.0079 




-0.0006 


0.0006 


65-*70 


-0.0039 


0.0047 


70-75 


0.0033 


0.0052 


75-80 


0.0010 


0.0043 


80-85 


0.0036 


0.0089 


85+ 


-0.0011 


-0.0050 




F-1.0000 



—MALE 
-^FEMALE 



- .15 



I 

o 



o 

r- 

1 


in 


o 

CM 
1 


1 


o 

CO 
1 


in 

CO 




in 


o 

in? 


18 


O 
(0 


in 

CD 


o 


in 


O 
00 


in 

GO 




in 


o 

IT" 


in 


o 

CVJ 


in 


o 

CO 






5^ 


S 


IB 


s 


1 

m 

CO 


o 


1 

in 




+ 



AGE GROUP 
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III. MISCELLANEOUS THEORY 
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TWO-POINT LINEAR REGRESSION 



^ Y - bX + c ^ 

♦ 

^ Given two pointa'^Xj^.yj^) and (^I'jyp the equation is 



Eyample 

Using 1960 and 1970 Pirate County population 
Y - Projected population for year X 
■ 1970 population 

y^^ ■ 1960 population 

_ 300,000-^180,000 . ^ ggQj 

1970-1960 ^ x:70u/ T xou.uuu 



Y - 12,000 (X - 1960) + 180,0^0 



If X - 1980, Y - 420,000 
X - 2000, Y - 660,000 



^ 




MULTIPLE-POINT LINEAR KEGRESSION 

Y - bX + a ' 

where Y is criterion 

X is predictor variable 

Given n pairs of observations for -X and Y, & 
» n E X Y - E X E Y _ _ ^ /i ? 

n E x2- (E 3^>2. • , " V » 

Example 

Using the population data for Pirate County, 1920-1970, the criterion 
populal 

n ■ 6, 

iOOOO + 39000 +.75000 +. 18OO0O + 300000 - 642000 





X - 






E 


Y - 






E 








E 


X Y 








e" - (1920)^+(1930)^+(1940)^+(1950)^+(1960y^+(1970)^-22,699,900 



+ (1960) (180, 000)+(1970H300,000)-l, 258,170, 000 

^ 6(1.258. 170.000)-(11670) (642.000) _ 5688 _ , . 

- ^ '6(22,699,9C0)-(U670^ 1-05 ^^^V*"^* 

. - 642^ ^ 5417.14 A^]- - 10,42^,337.30 
Y - 5417.14(x;- 10,429,337.30 

For X - 1980, Y - 296,600 which is less than actiial 1970 population. 



/ 



ERIC 
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TWO-POINT LOGISTIC CURVE 



ft 



S - shaped 



<3> 



1+c 



a?be 



Wh«r* P Is population 

is starting year 
^ is number of years ^ast starting year 
K is holding capacity 

Given K and P for year t, 

1 \ 



'K-P, 



P^ for year- 1^, where > t^^ ^ 



a ■ In 



-1 ' 



K-P. 



Ini 



- a 



'2/ 



Example 



/K - 1,500,000 
t^' 1960 
tj- 1970 



a - in 



^1960- 

^970 ■ ^196&fl0" 

.ooo\ 



b - In 



/l.500.Q00-X80.000\ . /1.320.00o V , /132 \ 
\^ 180,000 J 180,000/ ^^{IB ) 

m 

In In (22) - In (3) - 3.09104 - 1.09861 - 1.99243 

1.200.000 ] 
99243 - In V 300.000/ - 1.99243 



, • t ■ ' 

/i ..500. 000-300. 000\ 1.200.000 \ 

\ 300.000 ' - 1.! 



1970-1960 



ln(4) - 1.99243 . 1.38629-1.99243 . -.60614 nAnAiA 
10 - 10 10 -'"ouox** 



ERIC 



Fcpof ^hat a and b are obtained as specified on preceedlng page for the 
logistic, curve. 



K 



t,-fe a+be 

* 1+e 



/ « . ^ /> a\ „ ^ 




''l • 1 • / 

e* - K - P 

a 1 



At tlme.t^i 9 - t2-tj^ where t2>t^ 



P . K 

P^' ( l+e^+^^'^^-ti)^ . 



P, + P, e*+^^*=2-ti) . ^ 
=2 '=2 



K-Pt 



^a+b(t2-tj) 



a+b(t2-tj) - ln(-y-^) 
So b(t2-tj)-ln/^^j- a 
K-P 

- a 



And b « 



^^2 



9^. 23 
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At time t,, e - 0, P^ 80 p/?(l+e*) - K ^ . 

• 1+e* % * •■ . ^ 



V ^ MUtTIPLE-POINT LOGISTIC CURVE 



(ylven year t J, capacity K and n observations, a and ^ are found so 
that the "best fit" Is found. The procedure utilizes a trahsf ormatUon 
as follows: « ' v 



i 1 » • 

P - K - P 

1^ ^ 



. Let Z 



■•^''^^fK-P )— i 



arfbG - in I 



Then Z "i a + b0 
Next find the be»t^ linear fit for Z - 6 + bfl^ where 9 » ^2^^! 

Example ^ ' 

Use the 1950, 1960 and 1970 Pirate County population data;* together with 
a capacity of 1,500,000 people and a base year tj^-1960 

F«- 1950. 9 - - 10, 2 - m ( 1,500,090-75,000 ^ . 

' 1960, 8 - 0, Z. m ( '''°°i8°gg'°°° )- 1.99243 
1970. 9 - 10. Z - Infix502j22y00^) . ,,38629 

*Pl950- 

^960 ^3°'°°° 
P^g^Q - 300.000 - 

21 
-20-^ 



3 

Ee - -10 + 0 + 10-0 

3 - 

EZ - 2.94444 + 1.99243 + 1.38629 - 6.32316 
••I 

.1 ^ 

3 2- 

EG - 100 + 0 + 100 - 200 

' f 
3 / 

EGZ - (-10) (2.94444) + 0(1.99243) + 10(1.38629) 
*'=•• 

a' 



3(-15.5815) - (0X6.32316) . . .07791 
3 (200) - (0)2 



6.32316 , «„„,x/0 



- (-.07791)(^) - 2.10772 



Z - 2.10772 - .077919 



r 1980, 9-20 



1.500.000 1.500.000 

U980 ■ ^^2.10772-1.55820 ^^^.54952 



_ 1.500.000 , 1.500.000 . . . „ 

■ 1+1.7324 2^7324 ^"^^'^^^ 
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IV. PRACTICE PROBLEMS 
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mCTICE FBdBLEH: BEGRESSiON m> 
COHORT SURVIVAL METHODOLOGY 



Problem: Estimate the 1976 population by age group uaing regression and 
cohort survival methods of analysis. The population data base for the 
years 1972-75 Is given in the table beloW; 



# 



Aae 


Actual 


Regress . 
•76 


Cohort 
•76 


'72 


'73 


'74 


*75 


6 


690 


660 


600 


560 






7 


720 


718 


. 693 


636 ^ 






8 


.'747 


734 


740 








9 


76f 


755 


749 


762 






10 


.703 


775 


778 


779 






11 ' 


656 




806 


817 






12 


560 


663 


738 


830 







900 



Regression Method 



800 




600 



^ 500 



t 



^ t r 



_ ..11. 



l-i- 



In 
fit 

-. j. . 
' i • i ♦ 



! i 

11 



•r ,-~t 



.: .- . ! .. .1 ! 
•72 '73 '74 '75 '75 



Year 



-23- 



27 



SaiBpie Cohort Survival Projection #1 



P(a:i2) . P( , 72) "° ( ) 



PXa/73) 



P( /73) ( ) 



P(a/74) ~ P( /74) 
3 3 



) 



i ( 



P(d+l/^74.) ^ P( /74) ^ r J, . ( 



) ® 



) (D 



vc ) 



So pC /76)= ®x P( ;75X=( ( ) = 



■ERIC 



Sample Cohort Survival Prolectlon 92 

P(a;72; P( > 72) 

P(a4-l, ^74-) P( /74) _ 
p(a/73) " PC /73) 



( ) 

C 1 

( ) 



P(a-H /75) ^ P( ;75) ,^ ) . 



P(a/74-) 



P( /74) ( ) 



3 3 
So pC /76)= ®x P( ;75)=( )^ ( 

'28 
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= ( ) © 



) ® 
) 



= C ) ® 



) = 



\ 



PRACTICE PROBLEli; TWO-POINT LOGISTIC METHOD 



Problem: Forecast the population living within the boundaries of a urban- 
suburban school district for various land use assumptions using the ttw-point 
logistic aethod of analysis for the years 1980, 1990, 2000: 



^1960 ■ 180»^00 ^1970 300,000 



Area - 400 sq. mi» 



Land Use Asstnsption: 



Zoning 



Rj^: Low Density Residontlal 
.Rj: Kedium Density Residential 
R^: High Density Residential 
Agricultural 

Parks, Commercial, Industrial 



Sq>Miles 



Ultimate 
liensity 
Pop/Sq >Mlle 

4,795 
12,787 
25,5.74 

i,0$6 
0 



K - Total Holding Capacity - 



Holding 
Capacity 



Where 6 - 1980 - 1960 - 20 
P.^j^ - 180,000 
300,000 



/ 



t2 
K - 



1970-1960 - 10 



Solving the above equation yields the £oll(»d.ng results: 



Land Use 
K 

350,000 
600,000 
4,100,000 



1980 



340,000 
420,000 
490,000 



So P 



1980 



29. 
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Two-Point Logistic Method 



01 

8 



g 

U 



P4 



1200 



-1- T 



1000 r-7r7r:T " 



1 



800 



600 





r— r — T—T 




; • i 






■ • '! ' 

'• \ ' 






1 ' . ^ 




i 


■ 




i 






i 




1 t 


1 . . ' 

\ ■ 


r 

1 ' f 



400 - T' T 



4... . 1. 



200 --- -- -hoT" 



I960 1970 1980 1990 2000 
Year 
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APPENDIX A 
SAMPLE PRINTOUTS 
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ASSUMPTION: 

ZERO NET MI6RATI0M 

10/2{>/74. 10. IB. 37. 

OR06RAh» C0H0RT , 

ENTER STARTING * ENDING YCARi PRINT DELJft YR5#« pRT. />Gtr INTfRVftLS 

ENTER YR# X(FRACTI0N) T0 P|¥apPLIFD T0 niRTH RATES A TYP^i: 
? afTOn#l#l 

fNTER YR « t<FRACTI0N> T0 PE APPLIED T3 DEATW RATES 

? p.ooa> I 

ENTER K.IG.4 START P EL .NAf E#YR1 #\ET t'IGl # YRP*NET f'lG? 

? C0HRPlR#i97n#.oni,f>nnn,.nni 

YFAR a I9P5 





19P5f5 


19P4 


t 9R4 


19 PS 


f 9R4 


1 9^4 


ACC 


H POP 




M DEA 


F P0P 


F Ml G 


F DEA 


in 


3357«» 


0 


R5 


3203r? 


0 


59 




P7nPii 


-n 


1 4 


P6076 


n 


|0 






0 


P3 


33P7P 


0 


1 9 


An ^ 


P160^ 


0 


P7 


* P4103 


0 


PS 


so 


l^0P3p' 


0 


67 


PPPl A 


0 


5S 


60 


1P330 


0 


173 


19f*3b 




137 




15PS6 


-0 


351 


16197 


0 


PP7 


. J»o 


65PR 


0 


35P 


77«0 


0 


36^^ 


90 


15S7 


0 


170 


?S04 


0 


077 


100 


PM 


0 


36 


4P9 


0 


93 




PP 


0 


4 


66 


0 




0 |7 90i49 


n 


1 307 


1 P^SA7 


0 




YEAR 


= POOO 














2O0O 


1 9^?9 


1 999 


POOO 


1 ^99 


1990 


AGE. 


M POP 


M MIG 


M DEA 


F POP 


F MTG 


F DEA 


10 


336P^ 


0 


7P 


3P0KP 


0 


60 


on 


3A0O0 


-n 


IP 


343P59 


n' 


IP 


r^o 


P9p7/> 


0 


19 




0 


00 






0 


^P 


P«^775 


0 


A9 




30 17/. 


0 


«7 


P9f 60 


0 


1 00 


60 


1717P 


0 


157 


PI 103 


0 


0] ) 


70 


1 S740 


-n 


36 3 


16735 


0 


Afy^ 


p:0 


1 1 >i3V 


0 


60P 


I \^A\ 


0 


P65 


00 


3^99 


f> 


370 


3?PS 


0 


SP9 


100 




0 


76 




0 


95 


110 


4P 


0 


6 


OA 


0 


7 


0 207953* 


0 


1P44 


P06P96 


0 


oyiP4 



5?TJP • 
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ASSUMPTION: 

NET MIGRATION DECREASES 67 PERCENT 
BIRTH RATES DECREASE 20 PEICENT BT 2000 



PR«3GPAr< r0H3Pt 

J-' .. 

CTNT.FF 5?tARTING i ITNOI NG YFAP, PPJNT DFLTA YRp,« PRT» AGF INT^-PV^IS 

TNTFP yR# ,«CFR^CTi4n> t3 PF APPLIFO T0 PTPTM P^JF^ A TYPF 

? J>noo* 1 . 
FNT»='R YP & %(FRArTION) T0 PF applIFO TGt DFATH PAjr?: 

? (>noo # I 

FMFR MIG.A start P FL.NAKF#YP1 *NFT yiGf#YPP#NFT »^1GP 
. ? C0MRPIR# 1970# !OOn#?OnO# 1000 
YKAR = t9PS 





19PS 


19P4 


19B4 


I9R5 


19P4 


19R4 


A OF 


1^. POP 


M KIG 


M DEA 


F P9P 


F yiG 


F DFA 


10 


3^715 


17^> 


Ra 


3P10P 


154 


57 


Of) 




-33 


15 


P7490 


P4 


10 






f?l5 




34779 


P35 


PO 


^0 


23PP9\ 


A7 


. 30 


P6409 


P6 


PR 


so 


si?;i5 ^ 


60 


70 


S301P 


SR 


56 






7 


!7P 


P03P7 


IS 


1*40 


70 


15376 


-5 


353 


16397 


5 


O90 

V 




65S6 




35P 


• 7P79 


10 


373 


^/o 


15P3 


3 


173 




4 


PP6 


100 


^17 


0 


36 


490 


0 


93 


1 10 


PI 


0 


4 


64 


0 


IP 


0 


1 «5P1 9 


470 ' 


13?1 


19163^> 


S30 


1366 


YP-AR 


= pooo 














POOO 


I909 


1999 


POOO 


1 999 


1999 


AGF 


M POP 




^ DFA 


F Pi)P 


F f^IG 


F DFA 


10 


316P7 


1 VP 


71 


3009« 


t 54 


54 


on 


359^? 


-33 


IP 


34375 


P4 


19 


30 


31^03 


P15 


?0 


307P9 


P35 


P5 


>>0 


33?P3 


47 


46 


3P^>49 


P6 


54 


50 


3?747 


' 60 


96 


3P6S0 


S« 


1 1 3 


f.0 


I9'37P 


7 


173 


P31 M 


IS 


P07 


70 


16 36/ 


-5 


376 


1741R 


s 


4P3 


HO 


1 1666 




637 


1 P 1 P3 


10 


«^B6 




373C^ ' 


3 


374 


34PP 


4 


545 


1 00 


SIP 


0 


76 


3 50 


0 


97 


1 10 




0 


6 


94 


0 


7 


0 


P16666 


470 


1P93 


01 6679 


530 


P51 1 
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ASSUMPTION: 



NET MIGRATION DECREASES 67 PERCEMT 



PROGRAt^ COHOPT 



C.VTER PTA9TING 4 ENDING YFAf?* PRINT DrLTA yP?** PPT* 

? I97O*P0nOHS# 10 
KNTPP YR# t.<FPACTiaN) T0 PF APPLIFO T3 riPTH RATF? A 

? POOOi 1 #1 

^jI^TFR YR «^CFPACTI3N) t^) ^F appLIFD TO OF^TW PATFc 

tpnoo^i 



«^GF* IiSiTFP\/AL<; 



TYP^ 



FNTFR NIG.^^ 


c;tapt 


p Fi .^)A^r,YPl# 


N^T NIOl 


* Yc>P* 


? r 


;>MPPIP, 1 970, 1 000#POOO 


, 1 o-yn 






YFAP 


= 1 9PS 














1 96S 


1984 


1 984 


1^65 


1 ^64 


198fl 




H POP 


M MIG 




F POP 


F MI& 


F DE>^ 




0S99>* 


1 7P 




3/^eri 


1 S4 




oo 


<^f/994 


-33 


1 5 


^ 7 A 7 3 


o/> 


1 0 




*> c n <i 1 


0 1 c 

• 1 T> 


■* *i 


3 7 7 9 


'^3 5 


PO 


*!• » 




^17 


30 






p9 


50 


oiPlS 


60 


70 






TO 


60 


1 PF^,*^ 


7 


17P 


pnr^ Cv7 


IS 


• 1 40 


70 


1 5376 


*5 


3S3 


1^-^97 


s 


P90 


F^O 


A5P6 




3SP 


7r.79 


1 0 


3 73 


«/0 


1 


3 


1 73 


P59P 


4 


P«A 


1 00 


PI 7 


.0 


36 


490 


0 


93 


110 


^1 


0 


4 


64 


0 


IP 


0 


I ?^7690 


470 


1 3Pf 


) q^9PP 


S30 


1370 


YC'AP 


= pooo 














2000 


1999 


1 9'^9 


2000 


1 9<^9 


1 999 


AGF 






r OP" A 




F ^ I G 


F OF A 


10 


37QOO 


1 7P 


pp 


360O7 


1 S4 


^7 


00 


396S7 




19 


3 7 9r^P 


P4 




^0 


?P3S4 


'^1 s 


PI 


'^1^37 


03s 


PS 




33P'=*3 


47 


4/; 




P6 


S4 


50 


1P747 


60 


96 


3P6Sn 




1 1 ^ 


60 


19370 


7 


1 7-^ 


P*^ 1 1 4 


1 S 


. PP7 


70 


16367 


-S 


376 


1 741 ?x 


s 


4P3 


PO 


1 1666 


4 


A37 


1 0 ^ q3 


10 


RP6 


90 


?73J? 


3 


374 






S4S 


100 


' SIP 


0 


76 


3bP 


0 


97 


1 10 


A? 


0 


6 


P4 




^ 7 


/ n 


?P7604 


470 


1 91P 


OP7 1 1 4 


530 


P5P6 



FTSP 



ERIC 
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ASSUMPTION: 

BIRTH RATES DECREASE 20 PERCENT BY 2000 

10/09/74. 09.35. P3» 

PP0GR'^^ C0H2IRT 



c:ntfr 9T^rting &*?:nding yf:ar# print dflt'^ yrs#* ^^\* 'vgf intc-rvai.s 
? i97n#?nno# i5# 10 

PiMrp YR# %(FR^CTI0N> TO PF AopLIFO T0 f'IPTH PATFS 4 TYPF 
? P000# .R# I / ' X 

FNTFR YP «s. xr^^maN) TO RF ^pplifd t:'^ OF^TH R^TC'5; / 

? POOO^f ^ 

FNT^R (^1G.& STAR*' P FL«NASr^*^YPl #NFT Mt 1#YRP#NFT l^IC 

? C0HPP1P> 1 970*3000 J 9oon>r^j9^no 

YEAR = \ 9RS 





1 905 


1 0P4 


1 9^4 


A 1 9f^5 


1 9P4 


1 9P4 


AOF 




N I C 


h OFO 


F ^ 






^0 


3 3 4 4 


S 1 7 


9 1 


36410 


46 P 


6" 


PO 




- 1 00 




30676 


7 P 


1 1 


30 


36 576 


646 


p 5 


0 1 1 n A 
37794 


f ^ 9 0 




40 


PPPPO 


1 4n 


3S 


11079 


79 


3P 


SO 


031 PI 


179 


75 


P^606 


1 73 


S9 


AO 


1 9<?69 


PI 


1 P6 


PI 490 


44 


1 47 


70 


1 Sjvi 7 


-14 


35 7 


1 679J» 


1 


^96 


«0 


j65^^ 


I 3 


357 


«07 7 


PP 


3P1 


90 


/ 1637 




1 PO 


P76P 


10 


306 


|on 


PPP 


0 


37 


493 




9 3 


\ 10 


P| 


n 


4 


61 


0 


1 1 


0 


?0?PP9 


1 409 


1 36P 


P \ ^010 


1 591 


1 4P4 


YFAR 


= POOO 










1999 




onoo 


J <599 


1999 


POOO 


1 99^ 


AGF 


V PJP 1^ 


t^lG 


^ OF A 


F P3P 


F Mr 


F OP'A 


lO 


39^75 


517 


P7 


37OP6 


46'^ 


66 


PO 


4PP3P 


- 1 no 


?1 


410PI 


1^ 


PP 


30 


37496 


646 


P4 


379PP 


70 4 


30 


40 


39171 


1 40 


b3 


391 96 


79 


64 


50 


37P93 


179 


1 1 3 


3P63P 


171 


13s 


60 


P3777 


PI 


POS 


P71 34 




PS9 


70 


1 7 6PO 


-1 4 


40P 


1 P7ft3 


1 6 


SPO 


PO 


1 P 1 PO 


1 3 


65 / 


1 OQf^f^ 


PQ 


910 


90 


379P 


P 


HP ] 


1696 


IP 


S7<^ 


100 


SP7 


0 


7P 


360 


0 


99 


1 10 


44 


0 


7 


PS 


0 


p 


0 


P54359 


1 40P 


00P6 


P567PO 


1 59 1 


P7 1 3 



ERIC 
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NOMIHAL. ASSUMPTIONS 

IO/i>2/74. 09.37.47. 
PR0CRAM C0H0RT 

V 

FNTE?? STARTING * ENDING YFAR, PRINT DFLTA YRS.t PRT. AGE INTFRV/ALS 

? i970#snnn# i 5# lo - 

CNTFP YR# t(FRACTION) T0 PF aPPl.lFD Ti3 PIRTH patF*: * TVP 

? Pono#i#i " 

ENTFR YR * XtFRACTI0N) T3 PF APPLIFH TO HFATH R'VTFP 

ENTFP KIG.t START P FL . NAMF* YP I * MFT K 1 G 1 # YP!># Ni^T MG^ 
? CflHPPIP* 1970*3000, ooon,^nnn 



YFAP « 19BS 





I9RS 


I9R4 


19P4 


1<JB5 


1 9P4 


1 OP4 


AGE 


K P0P 


K MIG 


K OF a 


F POP 


F MO 


P HFA 


10 


4n«p6 


517 


9P 


3«777 


46P 


69 


f»0 


3P?I9 


-100 


1 A 


30P67 


7P 


1 1 


30 


36576 


646 


P5 


37794 


704 


PI 


40 


2PPP0 


1 An 


3S 


31079 


79 


3P 


50 


P31B1 


1 79 


75 


P46P6 


173 


S9 


60 


19P69 


PI 


1B6 


?1>90 


44 


147 


70 


15617 


-14 


3S7 


1679P 


16 


«>96 


BO 


65?? 


13 


357 


B077 


P9 


3P3 


90 


1637 


P 


IPO 


P76B 


1? 


306 


100 


2PP 


0 


37 


493 


0 


93 


11/1 


PI 


0 


4 


61 


0 


1 1 


0 


P04971 


1409 


1 370 


P| PPP9 


1 591 


1430 


YEAR « POOO 














POOO 


1999 


1 99*> 


onoo 


1 9«»9 


1999 


AGP 


^ POP 




f DFA 


F pap 


F KIG 


F OFA 


10 


46S1 1 


517 


107 


441 75 


46P 


PP 


PO 


4693P 


-1 on 


P3 


449P9 


, 7P 


?4 


30 


3P514 


646 


PS 


3P954 


704 


31 


40 


'»9171 


1 40 


53 


391 96 


79 


A4 


50 


37^93 


1 79 


1 1 T 


3B63P 


173 


135 


60 


P3777 


PI 


P05 


P7134 


44 


P59 


70 


17680 


-14 


40? 


1^7R3 


16 


5P0 


PO 


IPlPO 


13 


657 


<f?«6 6 


?9 


930 


90 


379B 


B 


3P1 


3696 


IP 


579 


100 




0 


7« 


360 


n 




1 10 




0 


7 


P5 


0 




0 


266906 


1409 


9049 


S6R749 


1 591 


e730 



ST0P. 

/ 




3G 

32- 



ASSUMPTXOHt 

BIRTH RATES INCREASE 20 PERCBMT BT 2000 



PR06RAI*" C0H0RT ' , ' 

ENTEf? STARTING A ENDING YEAR* PRINT DELTA 7RS#* PRT. AGP INTERVALS 

? 1970>2n00#1S#10 
ENTER YR# X<FRACTiaN) T0 PE APPLIED T0 PIRTH RATES * TYPE 

ENTER YR « X<FRACTI0N) T0 BE APPLIED T0 DEATH RATES • 
? 2000*1 

ENTER KIG.4 START P FL.NAKE* YRl *NET MIGl*YR8*NET MIG? 

? C0HRPIR# 1970*3000*2d00*300n 
YEAR = I9R5 





1985 


I9B4 


1984 


19P5 


1984 


1984 


AGE 


M P0P 


M I^IG 


M OEA 


F P0P 


F MIG 


F DEA 


10 


43308 


517 


106 


41 1 44 


462 


74 


?0 


32419 


- 1 00 


16 


3105R 


72 


1 1 


30 


3657fi 


646 


25 


37794 


704 


PI 


40 


«?P280 


140 


35 


31079 


79 


32 


50 


231 Bl 


179 


75 


24626 


173 


59 




19R69 


21 


1R6 


21490 


44 


147 




15617 


-14 


357 


1679B 


16 


296 




65P2 




357 


P077 


29 


3R3 


90 


1637 


P 


IBO 


2768 


12 


306 


100 


222 


n 


37 


493 


0 


93 


1 10 


21 


n 


4 


61 


0 


1 1 


0 


207653 


1409 


137B 


2153R7 


1591 


1435 


YEAR 


= POOO 














2000 


' 1999 


1999 


2000 


1999 


1999 


AGE 


M P0P 


K KIG 


M DEA 


F P3P 


F MIG 


F DEA 


10 


54064 


517 


127 


51375 


462 


97 


go 


51025 


-lOO 


25 


4BR37 


72 


26 


30 


39531 


646 


25 


39927 


704 


31 


40 


39171 


. 140 


53 


391 96 


79 


'64 


50 


37P93 


179 


113 


3B632 


173 


135 


60 


P3777 


21 


205 


27 1 34 


44 


259 


70 


17620 


-14 


402 


1R7B3 


16 


520 


PO 


12120 


13 


657 


12R66 


29 


930 


90 


37 9P 


B 


3R1 


3696 


IP 


579 


10^ 


527 


0 


7P 


360 


0 


99 


110 


44 


0 


7 


PS 


0 


B 


0 


P79570 


1409 


2072 


2B0R29 


1591 


2748 



STOP. 



ERIC 



37 

-33- 



ASSUMPTION: 

NET MIGRATION INCREASES 67 FEKCENT 



IO/?S>/74. 10.03.57 
PR0GRAK C0H0RT 



ENTER. STARtiNG 4 ENDING YEAR* PRINT DELTA YRR** PRT* AGE INTERVALS 

? 1970#2000# 15#1.0 
ENTER YR# XCFRACTIBN) T0 BE APPLIED T0 BJRTH RATES * TYPE 

? 3000«1«1 

ENTER YR A %<FRACTI0N) T0 RE APPLIED T0 DEATH RATES 
1 2000 # I 

ENTER KiIG.t START p" FL.NAME#YR1 #NET MIG1#YRS*NET MIGP 

? C0HRPIR# 1970*5000#a000#5000 
YEAR e !9B5 





19B5 


1984 


. 1 9B4 


1 985 


1 984 


1984 


AGE 


M P0P 


M MIG 


K DEA 


F P0P 


F Kr'c 


F DEA 


10 


4565B 


P62 


1 OR 


43274 


77 1„ 


75 


'20 


35445 


-167 


1 o 




1 on 


1 o 


30 


3B062 


1077 


26 


40B10 


1 1 74 


23 


40 


32731 


233 


41 


35729 


132 


37 


50 


2514B 


298 


BO 


26234 


288 


63 


60 


20P95 


35 


195 


22593 


74 


154 


70 


15B5P 


-23 


360 


1 7*1 9B 


27 


302 


BO 


651B 


22 


357 


8275 


48 


393 


90 


1690 


13 


187 


2944 


20 


325 


100 


227 


0 


37 


495 


0 


92 


1 to 


20 


0 


3 


59 


0 


1 1 


0 


222253 


,234B 


1 412 


231671 


2652 


1488 


YEAR = 2000 












2000 


1999 


1999 


2000 


1999 


1^99 


AGE 


M P0P 


M MIG 


M DEA 


F P0P 


F NIG 


F DEA 


10 


5^103 


862 


126 


52254 


771 


96 


20 


54206 


-167 


26 


51955 


120 


28 


30 


4467 3 ' 


1077 


28 


46272 


1 1 74 


37 


40 


451 19 


233 


60 


46143 


132 


75 


50 


"43038 


298 


130 


44613 


288 


158 


60 


2B176 


35 


237 


31 154 


74 


292 


70 


18B74 


-23 


428 


20 1 47- 


27 


556 


fiO 


12574 


22 


676 


13550 


48 


973 


90 


3R64 


1 3 


388 


3903 


20 


612 


100 


536 


0 


79 


36B 


. 0 


102 


1 10 


45 


0 


7 


25 


0 


fl 


0 


306209 


2348 


2186 


310385 


2652 


/2935 



ST0P. 



ERIC 



-3/1- 



Pi 



ASSOMPHOH: 

BmH RATES INCRSiASE 20 PERCENT BY 2000 
NET MIGRATION INCREASES 67 PBtCERT 



OR0GRAM C0H0rRT 

ENTER STARTING t ENDING YEAR# PRINT DELTA YR«?** PRT. 
? I970#^000# 15# 10 

ENTER YR# X<FRACT'I0N) T0 PE APPLIED T0 PIPTH RAT^S « 
? SOOO* I .8* 1 •> 

ENTER YR 4 f (FRACTIONS T0 BE APPLIED T0 06ATH RATES 

7 snoo#i 

ENTER MIG.4 ST^RT P EL.NAME#YRI #NET MIGl.Yf 

? C0HRPiR# 1970* 5nnn# soon* soon 



AGE INTERVALS 



tVpe 




NET MIG? 



YEAR 



!9lt5 





1985 


19P4 


1 984 


1 985 


1 984 


1 9P^ 

1 y c 


AGE 


K.^P0P 


M KIG 


K DEA 


F P0P 


F M G 


F DfTA 
r L/C 


10 


4R344 


862 


1 16 


45P35 


77 1 




S>0 


35653 


-167 


' IP 


34259 


IPO 


12 


30 


3W06J? 


, 1077 


' P6 


40810 


1 174 


23 


40 


32731 


233 


41 


35729 


132 


37 


50 


9S14P 


298 


80 


26234 


288 


63 


60 


PO^^S 


35 


195 


22593 


74 


154 


70 


15P58 


-^3 


360 


17198 


27 


302 


BO 


651R 


22 


357 


8275 


48 


393 


90 


1690 


13 


187 


2944 


20 


325 


100 


2PJ 


0 


37 


495, 


0 


92 


1 10 




0 


3 


59' 


0 


1 1 


0 


225146 


2348 


1 42 1 


234430 


2652 


1494 


YEAR " 9000 










2000 


1999 


1999 


2000 


1 999 


1999 


AGE 


M P0P 


M MIG 


K DEA 


F P0P 




F PEft 


10 


63806 


862 


ISO 


60550 


77 1 


1 14 


20 


58697 


-167 


28 


'56243 


120 


30 


30 


45.7 58 


1077 


29 


47309 


1 1 7^ 


37 


40 


451 19 


233 


60 


46 1 43 


1 32 


75 


SO 


43038 


P98 


1 .TtT- 


446 13 


2PR 


I5P 


60 


28176 


35 


237 


3 11 54 


74 


292 


70 


18874 


-23 


428 


20147 


27 


5S6 


PO 


12574 


2P 


676 


1 3S50 


4P 


973 


90 


3864 


1 3 


38R 


3903 


20 


A12 


100 


536 


0 


79 


368 


0 


102 


1 10 


45 


0 


7 


25 


0 


R 


0 


3204R9 


2348 


2212 


324006 


265? 


2956 



ST0P 
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o 

ERIC 
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